
Gravitational waves from an ultra-relativistic 
particle emitting compact star

Motivation

This project aims to further
explore the new and exciting
physics of when both strong
gravity, satisfying general
relativity, and elementary
particles, following the
quantum rules, are present.
Can the strong gravity of a
compact star together with the
high flux and energy of the
particles it emits significantly
and sufficiently amplify the
quantum gravity effects for it
to be modelled and observed?

Background

• Quantum gravity predicts tiny fluctuations of
space-time magnified into primordial
gravitational waves by cosmic expansion.

• These gravitational waves provide a concrete
example of the amplification of quantum
fluctuation by strong gravity.

• This is analogous to Hawking radiations
where electromagnetic fluctuations
surrounding a black hole are amplified into
thermal radiations.

• Similar to Hawking radiation, novel
gravitational radiation may arise from the
microscopic fluctuations around a strong and
compact source of gravity, with a micro-black
hole as a promising candidate.

Methodology

• Perturbation Theory (in 
Quantum Field Theory)

• Linearised Gravity (in 
General Relativity)

• Open Quantum Systems
• Scattering Theory
• Gravitational Lensing
• Relativistic Mechanics
• Symbolic Programming
• Numerical Computation: 

Monte-Carlo Simulation
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Black Hole Evaporation with novel GW:

Results

Figure 3: Emission of 
photons and the newly
predicted gravitons during
the black hole evaporation
process.

Figure 1: We find that although the energy conversion of the EM Hawking  
radiation to GW is normally low (main box), the final stage of the Black 
Hole Evaporation could see a significant transfer of EM wave to a 
gravitational burst (upper right). 

Figure 2: In more detail, the spectrum of the new GW and its EM 
contribution clearly spikes at the ‘end game’ of the Black Hole 
Evaporation.

The strong gravity at the horizon of the black hole induces vacuum 
fluctuations which will excite photons, emitted as EM waves. The 
photon emission implies a loss of energy for the black hole, and hence
a loss of mass: this is the black hole evaporation process. 
The excited photons will experience vacuum fluctuations along their
trajectories, resulting in an energy transfer from the EM waves to 
gravitons, manifested as gravitational waves. 
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Our theoretical analysis of the quantum 
interaction between a moving particle and 
vacuum is encapsulated by a «quantum phase 
integral» as a surface over the acceleration α and 
the transition frequency ω of the particle. If an 
area of this surface for a moving particle (orange) 
is above the surface for a static particle (blue), the 
the moving particle will be excited by the vacuum 
(figure 4). If such an area of the surface for the 
moving particle is also above the surface 
corresponding to a uniformly and linearly
accelerated particle (figure 5), then the moving
particle will be excited by the vacuum to an even
greater extent (figure 6).

Potential Laboratory test of Black Hole Radiation

• Our work suggests a previously
unnoticed significant GW burst at 
the moment in which a Black Hole 
completely evaporates.  

• A fuller quantum Black Hole 
treatment would confirm and 
refine this prediction.

• In addition, we support with new 
theoretical evidence and guidance 
that Black Hole evaporation could
be tested in a laboratory setting. 

• This goal may provide invaluable
clues to the « Holy Grail » of 
theoretical physics for the 
unification of General Relativity
and Quantum Theory: the theory
of everything.
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Figure 6

Conclusion and further
development
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